Molecular mechanisms of cardiac myofilament activation: modulation by pH and a troponin T mutant R92Q.
Activation of cardiac myofilaments is a complex process involving steric, allosteric, and cooperative mechanisms. The complexity of the protein-protein interactions that result in the rise and fall of tension in the heartbeat provide many points that may be modified by various control mechanisms. These include modulation by the sarcomere length, covalent modulation by protein phosphorylation and non-covalent modulation by the chemical environment surrounding the myofilaments. We focus here on effects of pH change in the context of one of the mutations in cardiac troponin T (R92Q) that causes familial hypertrophic cardiomyopathy (FHC). We tested whether this change in charge would manifest itself functionally by a difference in the pCa-force relations of skinned fiber bundles activated at pH values of 6.5, 7.0 and 7.5. Fiber bundles containing the cTnT-R92Q mutant demonstrated an increase in sensitivity to Ca2+ at all three pH values. However, the relative magnitude of the increase in Ca2+-sensitivity induced by the mutant cTnT increased as the pH was decreased from pH 7.5 to pH 7.0 and to pH 6.5. Maximum force generated by the myofilaments fell as pH was lowered over this range, but the percent fall in maximum force was the same for fiber bundles containing wild-type and mutant cTnT. Our results indicate that ischemia that may be associated with FHC may exacerbate the functional changes induced by the cTnT mutation.